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もち 25.9 万 ha，穂いもち 24.3 万 haで，延べ防除



















富山 BL」，2005 年に「コシヒカリ新潟 BL」が普及




























ダイヤグラムを Fig. 1 に示した．まず始めに，①























1 ） 系統とレースの組合せ（Near-isogenic 




る（two-locus gene-for-gene system （2, 3）） （12）．シミュ







Fig. 1　 Diagram of rice-blast fungus co-evolution model. 
Y  j , Line j  infected with race Y j ; W j , Number of 
lesions induced by race Y j; S, reproduction rate; A, 
cultivation area of susceptible lines in the 
multiline; C j , fitness cost; μ, mutation rate; λ, 
probability of overwintering in population of size N.
Fig. 2　 Input window of parameter values for the “Race 
dynamic model of rice blast”.












































高橋ら（2008） （14）により 10  －5 のオーダーであるこ
とが報告されている．本モデルではこの値をデフォ
ルトとしている．







































b． Pik-s，Pia，Pii：001.0 (1)，003.0 (0)，005.0 (0)，
007.0 (0)
c． Pik-s，Pia，Pii，Pik：001.0 (1), 003.0 (0)，
005.0 (0)，011.1 (0)，017.1 (0)
なお，これ以降の計算には，特に記載がない限り






























開始 1年目から 5年目まで設定し，6～10 年目はこ
れを繰り返して設定した．レースは 001.0 が 100％
の分布割合（比率で 1）を設定し，003.0，007.0，








検 討 し た．Pik，Pik-m，Piz，Pita， Pita-2，Piz-t，
Pibの 7 系統を等量混植するとして設定し，これら





Fig. 3　Near-isogenic lines and blast races setting window. S, susceptible; R, Resistant.





では，1994 年から 3～4 系統（Pik，Pik-m，Piz，
Piz-t）の混合栽培を数千 haで行っていたが，本研
究で開発したモデルにより示された計算結果を活用
Fig. 4　 Set window of near-isogenic lines, and blast races. Yearly change of the proportion 
and/or number of near-isogenic lines can set in this window.
Fig. 5　 Setting of near-isogenic lines and blast races for Miyagi prefecture during 1990-
2004 (year 1-15). Practical verification was done using these race composition and 
variety proportions in the prefecture.
19 芦澤武人 ら：マルチラインにおけるイネいもち病菌レースの長期変動予測モデルの開発 
































値 と し て 007.0，043.0，047.0，303.0，307.0，
003.2，007.2 を出現するレースとして設定し計算を
試みた（Fig. 7）．
Fig. 6　 Setting of near-isogenic lines of rice and blast races. Yearly change of the 5 near-
isogenic lines (Pik-s, Pia, Pii , Pik, Piz, respectively) during 1-5 years and repeats 
6-10 years.





害レース 003.0 が急激に増加し，3 年目にはレース





の 001.0 が減少し，3 系統のうち 2 系統を侵害する
レース 003.0 と 005.0 が増加後に減少し，3 系統を









Piaと Pikを侵害するレース 013.1 が出現・増加し
12 年後に平衡に達することが示された（Fig. 10）．
系統数の増加に伴い，多犯性レースが蔓延するまで
の時間が長くなることが Fig. 9 と同様に示された．
d．宮城県のレース変動の再現
「ササニシキ」（Pia）から「ひとめぼれ」（Pii）に
品種が変遷したのに伴い，1993 年から 1994 年にか















Fig. 7　 Setting of near-isogenic lines of rice and blast races during 1-9 years for Niigata 
prefecture. Actual values of variety proportions were used to simulate race changes.
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Fig. 10　 Blast race changes in an equal mixture of Pik-s , Pia , Pii  and Pik. Races 003.0, 
005.0 and 011.1 were simultaneously increased and then decreased, and race 
013.1 became predominant.
Fig. 9　 Blast race changes in an equal mixture of Pik-s , Pia  and Pii . Races 003.0 and 005.0 
simultaneously were increased and then decreased, and race 007.0 became predominant.
Fig. 8　 Breakdown of the Pia line caused by newly virulent race 003.0. Predominant race 001.0 
decrease and race 003.0 immediately increase for only few years.
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 Fig. 11　Observed race changes during 1989-2004 in Miyagi prefecture.
Fig. 13　 Race changes under rotation of 5 near-isogenic lines (Pik-s, Pia, Pii , Pik and Piz) during 
1-10 years. Race 077.1 virulent to all the 5 lines was finally predominant.
Fig. 12　 Simulation of race changes in Miyagi prefecture during 1990-2004. Race change from 



























Fig. 15　 Race changes in an equal proportion of the 7 resistant lines (Pik, Pik-m, Piz, Pita, 
Pita-2, Piz-t  and Pib). Race 077.1 was added for the Fig. 15 simulation settings. 
Frequency of the race 077.1 was increased until approximately 0.05.
Fig. 14　 Simulation of race changes in an equal proportion of 7 resistant near-isogenic 
lines (Pik, Pik-m, Piz, Pita, Pita-2, Piz-t  and Pib). Race 037.1 virulent to Pik and 
Pik-m was immediately increased, although other races were not increased.


















Fig. 17　 Rotation of two resistant near-isogenic lines using Piz, Pita-2, Piz-t and Pib without any 
changes of two susceptible near-isogenic lines (Pia and Pii ) during 2005-2013 in Niigata 
multiline. See the rotation settings in Fig. 7. All of the set races were increased at 
different frequency during the 10 years.
Fig. 16　 Race changes in a mixture of Pib, Piz-t , Pik-p (4: 4: 2) during 1-100 years in Toyama 
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Development of a simulator 
of the rice blast race dynamics in multiline
Taketo Ashizawa＊1, Jouji Moriwaki＊2 and Kazuyuki Hirayae＊2
Summary
A race-dynamic simulator for multiline was developed to control rice blast effectively. In our simulation, 
resistance breakdowns of the single plantings of resistant rice varieties by newly emerged virulent blast races 
were clearly demonstrated. The simulator could mimic the more than 10 year changes of blast races in the 
multilines in Miyagi, Niigata and Toyama prefectures well by using actual data of both composition of rice lines 
and initial proportion of blast races in them, and showed the factors preventing the resistance breakdown in the 
multilines such as a small cultivated area in Toyama, mixture of 7 components in Miyagi and timely changes of 
the component lines in Niigata. The developed simulator is effective to determine rotation timing of resistant 
components as well as composition in the multilines for effective and stable blast control with them.
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